INTRODUCTION
One of the most important factors in the manufacture of ice cream of high quality is the proper proportioning of the ingredients. Formulas are used by a few ice cream manufacturers, but a thorough knowledge of how to standardize the mix (mixture) by using ingredients with varying composition, and thereby bringing about the desired per cent of fat, milk-solids-not-fat, total solids, et cetera, is of greater value than the possession of a great number of formulas.
To be able to calculate a mix simply and accurately is very useful to the ice cream manufacturer. Many requests have been received by the Division of Dairy Industdy, asking how this can be done. Several methods have been published during the past year or so for computing mixes, but the one presented here seems simpler than any other yet suggested. This method makes use of algebraic formulas, and is more accurate than the "cut and try" method used by many. Rules based on these formulas are given for those who would prefer rules to algebraic formulas.
Composition of Ingredients: Before ,the composition of a mix can be calculated, a standard must be decided upon. By a standard is meant the per cent of milk-solids-not-fat, sugar, gelatin, and water for gelatin, that the finished mix is to contain. Every ice cream manufacturer has some kind of standard. The sum of the per cents of solids in the ingredients used determines the per cent of total solids in the mix, IIilgardia [Vol. 1, No.4 The California State law requires 10% fat in plain ice cream.. An excellent ice cream can be made by using the following standard, which is the one now used by the University of California:
Fat, 10.5% Milk-solids-not-fat, 10% Sugar, 14.5% Gelatin, .5% Water, 3% for hydrating gelatin.
Before any standard can be used, its ingredients must, of course, be known. It is convenient to have the ingredients tabulated as in table 1. Milk: Legal milk must contain at least 3 per cent of fat. It must be remembered that milk increases the milk-solids-not-fat about twice as fast as it does the fat. It is almost universally used in building up fat and milk-solids-not-fat in ice cream.
Ingredients:
Sweetened Condensed Milk: The constituents of sweetened condensed milk are the same as those of fresh milk, except that they have been concentrated by evaporating in vacuo and have had a varying amount of sucrose, usually about 42%, added to them. This product is used to a considerable extent in the manufacture of ice cream.
Evaporated Milk: Evaporated milk is practically the same product as sweetened condensed milk except that it lacks the addition of the sucrose.
Condensed Skim Milk: It is necessary to build up the milk-solidsnot-fat by means of some condensed product; this is usually done with condensed skim. The per cent of solids in the condensed skim milk varies in different plants and varies from day to day in the same plant. Therefore, a very careful check should be kept on the per cent of milk solids in the condensed skim. It usually is the cheapest source of additional milk-solids-not-fat. Probably the most desirable per cent of milk-solids-not-fat in condensed skim is 32.
Skim Milk Powder: Skim milk powder is also used to some extent in localities where it is difficult to secure the condensed skim. The powder makes a very good quality of ice cream, and while it seems perfectly dry to the hand, it contains from two to three per cent moisture. For all practical purposes, it can be considered as containing 97 per cent milk-solids-not-fat.
Whole Milk Powder: Whole milk powder can be purchased from powder plants, but must be used within a short time after manufacture. It is made by powdering the whole milk, and may be used where conditions and price will warrant.
Butter: Sweet butter is used to some extent in the manufacture of ice cream. Sweet butter is that which contains no salt. Since its composition varies, it should be purchased on a fat basis. It usually contains approximately 83 per cent fat. A first class ice cream can be made from it. Even salted butter may be used by melting it at a temperature not exceeding 150 0 F. and allowing the salt, curd and water to settle out. After they have settled out, they should be drawn off and if necessary, the oil should be washed with warm water. By this process a butter oil practically 100 per cent pure may be secured. [Vol. 1, No.4 Granulated Sugar: Granulated sugar, either beet or cane, may be used in the manufacture of ice cream, and should be figured as containing 100 per cent solids. Washburn says "that sugar, if stored in a damp place, will absorb only %% moisture or less."
Corn Sugar: Corn sugar contains about 10 per cent moisture, is only about 60 per cent as sweet as cane sugar, and may be used to a limited extent to replace granulated sugar.
Gelatin: Gelatin is a very important ingredient in the manufacture of ice cream, but is used only in small amounts, about .5 of one per cent or less. It absorbs moisture very readily. The best grades of gelatin contain from 5 to 10 per cent moisture and none but the best should be used.
Gelatin Water: Some ice cream manufacturers dissolve the gelatin in water at the rate of six parts of water to one of gelatin. It should be dissolved in cold water and heated in a steam jacketed kettle from 165 0 to 185 0 F., the temperature varying in different plants. The gelatin solution is added to the mix while it is being held at a pasteurizing temperature.
The Method of Computing the Mix: As suggested above, the method here explained involves the use" of algebraic formulas and rules based on these formulas. Thus, there is no "cutting and trying" in it, and the results obtained, when carefully "checked," are bound to be correctnot just rough approximations. For those who know a little elementary algebra, the formulas will be found very simple; a little practice with them will insure both speed and accuracy in computing mixes. Those who have no knowledge whatever of algebra will find it best to use the rules at first, but even they should compare the rules with the formulas and should study the examples worked out by means of the latter. If they will do this, it is believed that they will soon be able also to use the formulas efficiently and will prefer them to the more cumbersome rules.
Although some examples are worked out showing how to adapt the formulas to other standards, the standard used in this circular is the following:
Fat, 10.5% Milk-solids-not-fat, 10% Sugar, 14.5% Gelatin, .5% Water, 3% for hydrating gelatin. May, 1925] Then the formulas are as follows: * Note that d and e are taken to the nearest 10th only, because using the lOOths will never make more than a fraction of a pound difference in the value of Zfor a 1000 lb. mix, and furthermore, these per cents are never known exactly for any given composite milk.
.' . ' . Then substituting these numbers in the formula for Z. To find X, we have * It must be noted that the preliminary check given above is not a perfect "check" since the amounts obtained for all the different ingredients might be wrong and yet they might total 820 lbs. -Hence the more complete check should always be used.
[Vol~1, No.4 This solution may seem long, because the substitutions have been made at length in the formulas and all the steps in the process shown. After working out a few mixes in this way and being sure of the meaning of the formulas, the shorter form given below should be used:
The formulas or rules should be kept where they may be referred to quickly and the given numbers written down as here shown. HINT: Study the short solution given above in connection with the rules.
Rule 1. For finding Z, the amount of condensed skim.
Step 1. Subtract the per cent of fat in the milk from the per cent of fat in the cream: 35-4=31.
Step 2. Multiply the result of step 1 by the per cent of M.S.N.F. in the mix: 10X31 =310.0.
Step 3. Subtract the per cent of M.S.N.F. in the cream from the per cent of M.S.N.F. in the milk: 8.8-5.8=3.0. * Contracted multiplication. May, 1925] Turnbow-Titus: Calculating lee Cream Mixes
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Step 4. Multiply the result of step 3 by the per cent of fat in the mix: 10.5X3.0=31.5.
Step 5. Add the results of steps 2 and 4: 310+31.5=341.5.
Step 6. Multiply the per cent of M.S.N.F. in the milk by the per rent of fat in the cream: 35.0X8.8=308.0.
Step 7. Multiply the per cent of M.S.N.F. in the cream by the per cent of fat in the milk: 4.0X5.8=23.2.
Step 8. Subtract the result of step 7 from the result of step 6: .308.0 -23.2 = 284.8.
Step 9. Multiply the result of step 8 by the per cent, expressed as a decimal, of dairy products in the mix (for standard used): .82X284.8= 233.5.
Step 10. Subtract the result of step 9 from the result of step 5: 341. 5-233.5=108 .0 which is the numerator of the formula.
Step 11. Multiply the result of step 1 by the per cent of M.S.N.F. in the condensed skim: 32X31 = 992.0.
Step 12. Subtract the result of step 8 from the result of step 11: 992.0 -284.8 = 707.2.
Step 13. Divide the result of step 10 by the result of step 12: 108.0+707.2= .1527.
Step 14. Multiply the result of step 13 by the number of pcunds in the mix: 1000X.1527=152.7 lbs. of condensed skim required.
Rule 2. For finding Y, the amount of cream required.
Step 15. Multiply the per cent of fat in the milk by the per cent expressed decimally of dairy products in the mix: .82X4.0=3.28.
Step 16. Subtract the result of step 15 frem the per cent of fat in the mix: 10.5-3.28=7.22.
Step 17. Multiply the result of step 16 by the number of pounds in the mix: 1000X7.22 =7220.
Step 18. Multiply the result of step 14 (the amount of condensed skim required) by the per cent of fat in the milk: 4.0X 152.7 =610.8.
Step 19. Add the results of steps 18 and 17: 7220.0+610.8=7830.8.
Step 20. Divide the result of step 19 by the result of step 1 (Rule 1) 7830.8+31 =252.6 lbs. of cream required.
Rule 3. For finding X, the amount of milk required.
Step 21. Multiply the per cent of fat in the mix by the number of pounds in the mix: 1000 X 10.5 =10500. [Vol. 1, No.4 Step 22. Multiply the result of step 20 (the amount of cream required) by the per cent of fat in the cream: 35.0X252.6=8841.0.
Step 23. Subtract the result of step 22 from the result of step 21: 10500-8841 = 1659.
Step 24. Divide the result of step 23 by the per cent of fat in the milk: 1659+4.0=414.8Ibs. of milk required.
CHECKS: Check the results in the manner shown on page 63, which is, briefly, as follows:
Find the amount of fat and M.S.N.F. required for the mix, according to standard used. Then find the amount of fat in the results obtained for all three ingredients, condensed skim, cream and milk. These amounts should agree closely with those required for the total mix. CASE II. Milk, cream, condensed product: This is the most general case treated. Besides the ingredients considered in Case I, it involves the use of plain condensed whole milk or sweetened condensed whole milk or sweetened condensed skim. The letters a, b, d, and e are used with the same significance as they have in Case I.
But since there may now be another source of fat (the condensed whole milk) and another source of sugar (the sweetened condensed, either whole or skim) the formulas must provide for these also. Hence, Let h=per cent of fat in the plain condensed or sweetened condensed whole milk, if either of these be used. Otherwise, h=O. Let k= 100 per cent less the per cent of sugar in the sweetened condensed whole or skim, as the case may be. Thus if the sweetened condensed contains 42% sugar, k= 100%-42% or .58.
As in Case I. 
THE GENERAL FORMULAS FOLLOW:
lOeb-a) +10. 
5(d-e) -. 82(bd-ae)

Z= ------------X M. c(b-a)+h(d-e) -k(bd-ae) (10.5-.82a)M+akZ-hZ
Y= ---------
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.Hilgardia [Vol. 1, No.4 Dividing the numerator by the denominator, The caution given in the foot note on page 63 about checking the results should be heeded here also. This example comes under Case II, but since the plain condensed whole milk contains no sugar, k=lOO%-O%=l, so that the last term in the denominator of the formula is just l(bd-ae) =bd-ae.
Henceforth only the short form of the solutions will be given. Vol. 1, No.4 Check: Here the sweet condensed whole includes sugar equal to 40% of 190.8 or 76.32. Hence, 
Miscellaneous.
Under this head are classed those problems in which some of the ordinary ingredients are missing or given amounts of some of them are used. But since only 18% of the mix' is accounted for in the sugar, gelatin and water, we must still account for 82% of it or 820 lbs. Hence, we must add water enough to make this amount. 820 541.6 278.4 lbs. water to be added. Hence the 8.0 takes the place of the old 10 in the formulas. Now, as usual with the standard mix, 82% of it consists of dairy products amounting to 820 lbs. The 60+50+ 150 to be used amounts to 260 lbs.
Hence, 820 lbs. -260 lbs. or 560 lbs. equals amount still needed. 560+ 1000 = .56 which takes the place of the old .82 in the formulas.
Hence, the formula for Z, Case I, page 62, is: 
